This paper provides an error model of the strapped down inertial navigation system in the state space format. A method to estimate the circular error probability is presented using time propagation of error covariance matrix. Numerical results have been obtained for a typical flight trajectory . Sensitivity studies have also been conducted for variation of sensor noise covariances and initial state uncertainty. This methodoJogy seems to work in all the practical cases considered so far. Software has been tested for both the local vertical frame and the inertial frame. The covariance propagation technique provides accurate estimation of dispersions of position at impact. This in turn enables to estimate the circular error probability (CEP) very accurately.
I. INTRODUCTION
are gyros and accelerometers. These are mounted on the vehicle body which is subject to fast changing environmental disturbances during flight causing motion induced errors in the system. The sensor errors could be classified into a deterministic and a random part. The deterministic errors could be compensated in the navigation computer whereas the random part results in a circular error probability (CEP) of the Strapdown systems are of interest to almost all aerospace missions employing inertial navigation to achieve high performance. These systems eliminate the gimbals normally employed in a stabilized platform resulting in easier maintenance, less cost and perhaps improved reliabilityl. T.he error models normally employ the quaternion errors, velocity errors and position errors as the state variables. Let XI = [ ql' q2' q3' q4' VI, Vy, Vz, X, y,z] T denote the navigation state of the system with reference to an inertial coordinate reference frame in Fig. 3 The navigation equations are given below. (1) 3.1 Inectial Frame Since all the errors are treated in the error covariance matrix simultaneously, the cancellation of certain errors in the final output of the navigation system is automatically considered in this approach of error analysis. For estimation of circular error probability (CEP), the one sigma dispersions of position are necessary which can be directly obtained from the error covariance matrix. In the case of Monte Carlo approach, it is a time consuming process to obtain the one sigma values. .
Covariance. propagation results are given for terrestrial navigation using a set of flight data which are obtained from a strapdown inertial navigation system. The CEP of the system has also been estimated using 
Computation of Eqns (12) and (14) is beset with numerical problems in the sense that PJ or Pv does not 
The alignment errors can be set as initial condition in PI (0) or Pv (0).
Numerical Results
The 
Estimation or Circular Error Probability
The terminal miss distance accuracy is normally estimated using Monte Carlo simulations and CEP is derived from the analysis of simulated data. This process is time consuming and costly. From the propagated covariance, it is relatively easy to fit an error ellipsoid and approximate it to circular to represent the CEP of the system2, It has been found that CEP based on formula (20) is always lower than that I>redicted by RSS technique, in which the square root of the sum of the squares of errors is obtained.
Computations of the system errors have been caITied out for both, the inertial frame and the local vertical frame. It has been found that the error behaviour appears to be independent of the mechanisation frame. The reasons could be explained from Eqf/s (4) and (10) which describe the error model. The covariance propagation p has been found to be more sensitive to p o and Q which depict the initial state of uncertainty, and gyro and accelerometer noise covariances. Propagation of p is less sensitive to F and G matrices for the flight trajectory chosen for illustration. It implies definite. It is adequate if the lower half or the upper half of the matrix is computed numerically. The reduced order covariance matrix is 9 x 9 in size. For symmetry it is enough if one computers (nx (n+l)/2 = 45)
elements when compared to 81 elements when symmetry is not considered. The output (wx, wy, WZ)T from gyros is not directly available but the incremental angles ( 64>x, 64>y, 64>z) T are available at 6 ms interval. that the error behaviour is less sensitive to dynamic couplings for the present study. Covariance propagation methodology has been employed successfully for estimating errors of the strapdown inertial navigation system. The error models for both the inertial frame and the local vertical frame have been derived and used in this development. Both simulated data and actual flight data of the system have been utilized to estimate CEP and there is a good match between the two. For the flight trajectory chosen, CEP appears to be insensitive to the frame of navigation namely, the local vertical or inertial. The dispersions in position expected for different combinations of gyros and accelerometers have also been presented. The CEP predicted from covariance of errors is shown to be lower than the conventional RSS technique employed in Monte Carlo approach. Further work can be done to extend this approach to a multi sensor hybrid navigation system. 
